In this work, a novel S-substituted bioactive anthraquinone compound is synthesized with a new, easy and less energetic reaction methodfrom 1-chloro-9,10-dihydrodiagnosisxy-anthraquinone and butyl-3-mercaptopropionate (Compound 3) for the first time in the literature. The synthesized structure is purified by column chromatography and then characterized with various spectroscopic methods (NMR, MS, FT-IR, UV). The investigation of the antimicrobial properties of the purified structure reveals remarkable biological properties. Compound 3 is not only effective against yeasts and fungi but also displays significant inhibitory effects on the growth of the tested Gram positive bacteria similiar to that of a positive control (Gentamicin). Subsequently, biodegradable electrospun mats are produced via electrospinning method for their usage as a biomaterial. Structural (FTIR), morphological (FEG-SEM) biological (antimicrobial and in-vitro tests) and mechanical (tensile testing) characterizations are conducted for these nanobiomaterials. Presenting an advantage of the novel antimicrobial compound, all produced electrospun nanobiocomposites exhibit remarkable cell viability% and mechanical properties as the amount of Compound 3 increases. Cell viability values are 95% or greater for all polymeric nanocomposites whereas, the best cell viability% and mechanical proprties are obtained for PCL-8% Compound3 composite. The obtained electrospun mats are good candiates for biomaterials for tissue engineering purposes and wound healing materials with a purposeful compound synthesis and a subsequent nanobiocomposite production.
INTRODUCTION
Natural products have great potential for medical applications. Recently, anthraquinone derivatives have gained special interest owing to their large potential applications as antifungal, antiviral, antibacterial agents for biological activities (2-6). Aloe-emodin, an anthraquinone derivative, is a potential antileukemic material (7). This molecule chemically stumilates the growth and proliferation of normal mouse splenocytes and shows dose-dependent cytoxicity against cancer cell lines. On the other hand, being effective to various cancer type and multiple sclerosis, Mitoxantrone, an anthraquinone analogue, is known as a synthetic anticancer analog of anthracycline antibiotics (8-12). Several studies have been conducted to understand the mechanism of mitoxantrone and it is revealed that the nuclear DNA is the primary target and the planar anthraquinone ring inserts between DNA base pairs. Consequently, negatively charged phosphate groups of DNA are found to bind to the nitrogen-containing side chains (13) (14) (15) . Being an anticancer drug, Mitoxantrone is a valuable inhibitor for the enzymes that are responsible for repairing a damaged DNA (16, 17) . Several anthraquinone analogues have been evaluated as potential materials in various applications.
Recently, many studies have been conducted with both isolated [18, 19] and synthesized anthraquinone derivatives [20, 21] since they present potential therapeutic uses such as antibacterial, antifungal agents, and in other biological activities. Furthermore, various functional groups have been substituted to anthraquinone molecules to improve biocompatibility, antimicrobial and anticancer properties for tissue engineering purposes. Among these molecules amino, hydroxy, metoxy, cyano, thiazoline, and thiophene etc. derivatives [22] [23] [24] [25] have been synthesized. Although, for naphthaquinones, a family of quinones, thiol derivatives have been evaluated detailly for their antibacterial and antifungal activity [26] , very few studies have been conducted with thio-substituted anthraquinones to identify their biological properties [27] . Moreover, in the literature some isolated natural thioantraquinone derivatives were extensively used for their antimicrobial and anticancer properties [28] . These investigations have been the motivation of this work to focus on the synthesis of anthraquinone molecules and their subsequent nanocomposite production for tissue engineering materials.
Synthesis of some anthraquinone derivatives in the literature have been conducted with expensive and hardly obtained chemicals like cesium carbonate. Also organic solvents, which are hazardous and hardly purified, are used for such synthesis under nitrogen conditions (29, 30) . Thus sustainable production of an anthraquinone has become difficult. In our previous study, a novel practical, economical and one-step synthesis methodology has been established to simple synthesis of anthraquinone derivatives (1) . Ethylene glycol is used as an organic solvent in the present study. Since reactions are conducted under heat, the usage of nonvolatile, readily available and inexpensive solvent such as ethylene glycol presents the novelty of our synthesis method. On the other hand, being biocompatible, biodegradable and presenting higher mechanical properties in comparison to its natural polymer analogues, Polycaprolactone (PCL) is preferred especially in tissue engineering applications. Moreover, the degradation products (succinic acid, butyric acid, valeric acid and caproic acid) of PCL don't present a toxic effect and inflammatory reactions. These effects make PCL preferable in the regeneration of bone, epidermis, nerve and retina in tissue engineering (31, 32) . The synthetic polymer PCL, among the few FDA (Food and Drug Administration) approved polymers and present antimicrobial effect can be utilized as biomaterials for such purposes (33).
Electrospinning is an efficient technique that is used for the fabrication of polymer nanofibers. In recent years, various polymeric and composite solutions have been successfully converted into electrospun mats of ultrafine fibers (34,35). Presenting higher volume/surface area, these nanofiber mats result in superior properties especially in biological (antimicrobial and cell adhesion) and mechanical aspects (31, 36, 37) . As a consequence of these, obtained electrospun mats can have potential applications as regenerative or wound healing biomaterials in tissue engineering (38,39).
In the present paper, a comprehensive study has been conducted starting from the synthesis of a noval, biologically active compound, and its production of to electrospun biocomposites. The obtained biomaterials can find applications as wound healing material or a biomaterial for regenerative tissue engineering purposes.
MATERIALS AND METHODS

Materials and Characterization
All chemicals are obtained from Sigma Aldrich and used as received. The obtained products are purified by column chromatography on Silica gel (Fluka Silicagel 60, particle size 63-200 µm). TLC plates coated with silica 60F254 (Merck, Darmstadt) are used under ultraviolet light (254 nm). To identify the melting points of the products, a Buchi B-540 melting point apparatus is used. Structure investigations for both Compound 3 and the nanocomposites are identified by Fourier transform infrared (FTIR) spectroscopy. The IR spectra were recorded on a JASCO (model 6600) FTIR spectroscopy in the region 400-4000 cm −1 at a resolution of 1 cm 
Preparation of electrospinning solutions
Polycaprolactone, average molecular weight (Mw) 80,000 g/mol, is obtained from SigmaAldrich and used without further treatment or purification.
PCL is dissolved in chloroform/dimethylformamide (DMF) solution with a constant w/w 3:2 ratio. On the other hand, the synthesized ester-substituted thioanthraquinone compound is also added to the obtained solution and both of them are stirred sufficiently at range of 30-40 °C. Different compositions are prepared as 6% PCL, 6% PCL-1% Compound 3, 6% PCL-5% Compound 3 and 6% PCL-8% Compound 3.
Properties of the electrospinning solution (viscosity, molecular weight of the polymer), should be determined before the jet. High molecular weight PCL is chosen purposefully in the present study, in order to produce nanofibers not nanoparticles. If lower molecular weight ones are used, low viscous solutions are obtained and hence the presence of beads are observed. Whereas, with very high molecular weight polymer, fibers wider than nano scale are produced which is not preferred. The viscosity of polymeric solution has been adjusted as well, to maintain nanofibers and optimize their fiber sizes, hence their morphology. Too high a viscosity results in drying of the droplet when coming out at the tip of the needle. PCL solution density is adjusted as 6% PCL and so the viscosity. So as an optimum solution viscosity and Mw is chosen for continuous smooth fibers without any agglomeration and beads.
Production of Nanobiocomposite Mats via Electrospinning Method
In order to get nanofiber structures but not nanoparticles solution parameters should be determined and process parameters should be adjusted. Nanocomposite mat production via electrospinning method.
One of the most important parameters among the controllable variables during electrospinning is the applied voltage. Taylor cone is an indication of the critical voltage for electrospinning to occur. The critical voltage depends on the distance between the collector and the tip, surface tension of the solution, the tip radius and length of the pipette. Once the critical voltage is reached, the electrical force become sufficient to overcome the surface tension resulting in a taylor cone for electrospinning. Higher voltage yields to better electrospun fibers in nanoscale. Size of the fibers can also be easily varied by altering the distance between the tip and the collector. When the distance between the tip and collector are too small, the fibers are deposited on the collector even before the solvent evaporates. Schematic representation of the electrospinning method (Figure 3. ).
To obtain homogenous fiber structures, process parameters have been set. The applied voltage is in the range of 15-31.8 kV while a Taylor cone is observed at a voltage of 12.3 kV. Humidity of the internal process area is recorded as 44.6±5%. The flow rate of the digital syringe pump is 1 ml/h and the average distance between the tip of needle and collector is set to 12 cm. Solution parameters of the obtained biocomposite electrospun mats are given in Table 1 .
In the present study, solution parameters are also determined. In-vitro tests for the electrospun mats have been conducted as follows; Sample Preparation: The nanocomposite mat films are cut to 10 x 10 mm and the films are washed 3 times in 70% ethanol. In the third wash, the samples are left in the alcohol for 30 min. The samples are then washed 3 times with PBS for 5 minutes. One sample from each group is covered with culture media and kept in incubator at 37°C for 48 hours for degradation and contamination control. 
RESULTS AND DISCUSSION
Synthesis and characterization of estersubstituted thio-anthraquinone compound
The synthesized of thio-anthraquinone compound has been obtained by the reaction of 1-chloro-9,10-dihydroxy-anthraquinone
(1) and butyl-3-mercaptopropionate in a mixture of ethylene glycol and aqueous solution of KOH (1). The obtained thio-anthraquinone compound is an orange solid and is stable. The resultant thio-anthraquinone compound has been synthesized for the first time in the literature and its applications as a biomaterial are discussed in the present study.
Structural characterization results of ester-substituted thio-anthraquinone compound
The characteristic -C=O band of anthraquinone skeleton for Compound 3 is detected at 1671 cm -1 , on the other hand, 3019 cm -1 and 1557 cm -1 can be attributed to the aromatic structure in the IR spectrum. In the 13 C NMR of compound 3, carbon atom of the ester carbonyl gave a peak at 184.25 ppm whereas, in 1 H NMR haracteristic sulfur-hydrogen peaks are detected at 2.59 and 3.17 ppm. Moreover, the molecular ion peak of S-substituted anthraquinone compound 3 is observed at m/z 369.65 [M+H] + .
Antimicrobial Test Results of estersubstituted thio-anthraquinone compound
It is found that the thio-anthraquinone compound demonstrates effectiveness against S.aureus, S.epidermidis and B. subtilis (0,27 mg/mL). It is observed that the extract has no activity on Enterococcus faecalis, Escherichia coli, Klebsiella pneumoniae, Pseudomonas aeruginosa, and Salmonella enteritidis. Regarding the antibacterial activity, the results reveal that the compound displays significant inhibitory effects on the growth of the tested Gram positive bacteria similiar to that of a positive control (Gentamisin). No antibacterial activity has been observed against all of the tested Gram negative bacteria. The result concerning the in vitro antibacterial activity of the thio-anthraquinone compound is presented in Table 2 . Production and Characterization of Nanobiocomposites PCL and ester-substituted thio-anthraquinone (Compound 3) solution was successfully converted into solid nanofibers through a single fluid-blending electrospinning. Calculated amounts of PCL and Compound 3 were used to obtain nanofiber mats. The nanofibers were produced with a single cone during electrospinning and exhibit homogenious morphology and without any agglomeration or discerned bead of Compound 3. For all nanfiber composites FEGSEM images with two different magnifications (3000x and 12000x) as well as their topology and fiber diameter histograms are illustrated in Figure 5 . illustrated. In all the nanofiber mats, the size distribution is narrow and the histograms reveal that the size of the produced nanofibers are in the range of nanoscale. By incorporation of Compound 3, the solution conductivity is increased due to anthraquinone structure, hence thinner and finer fiber formation is achieved (42,54). As a result, when FEGSEM images and histograms of the biocomposite mats are examined, a noticeable decreament in mean fiber diameters is observed.
S.enteritidis (-) (-); MIC value is not detected in the test concentrations
Structural Characterization Result
Morphological Characterization and EDS Test Results
A.
FEGSEM images for PCL nano mats at two different magnifications (3000x and 12000x), histogram and topology of PCL nano mats. Additionally, topology investigations reveal that porosity of the nanofiber mats are decreased owing to thinner fibers, thus enabling more uniform coatings and diameters distribution of the fibers. The porosity is important in cell growth and regeneration. For such a porous biodegradable biomaterial cells can find (42, 55-57). Figure 6 shows the antimicrobial test results of the nanocomposites. as it is seen in Figure 7 , the best antimicrobial activity can be seen for PCL/5% In comparison to PCL/5% Compound3 nanocomposite, PCL/8% Compound3 nanocomposite is less effective against all microorganisms. This can be attributed to the agglomeration of Compound 3 and bead accumulation on nanofibers as can be supported by SEM images of PCL/8% Compound3 composite system. Irregularities such as bead formation or agglomeration on nanofiber mat ensure the adhesion of bacteria to the surface of the material. These homogeneities in the structure adversely affect the antimicrobial properties of the material (42, 58, 59).
B. FEGSEM images for PCL-1%
Antimicrobial Test Results
It was determined that there is no suitable environment for the adhesion and repletion of bacteria on flat surfaces. Such a flat surface hinders adhesion to the surface material (60,61). For this purpose, to increase the antimicrobial activity of this active compound, nanofiber production are planned and conducted during this study (62-64). In comparison to PCL the electrospun nanomat of PCL presents a slightly enhanced antimicrobial activity (65, 66) . As it can be seen from the FEGSEM images, nanobiocomposites are found to be homogeneous and thinner nanofibers are produced as stable anthraquinone as percentage increases. This result is due to the conductivity increase of the solution by incorporation of Compound 3 and enhanced antimicrobial effect of our novel thioanthraquinone compound.
In vitro Test Results
Figure 7. Light microscope images of nanofiber mats. Fluorescence microscopy studies, reveals that the percentage of cells stained with PI is over 94% and no significant difference is detected in comparison to the control.For all nanocomposite mats, live cells, attached to the surface and stained with DAPI, were reported. Cell viability was 95% or greater for all polymer composites and the control.
Mechanical Tests
Tensile test results of pure PCL mat and the nanobiocomposites are shown in Figure 10 . Mechanical properties of the electrospun nanofiber mats (PCL and PCL composites having 1%/ 5% /8% content of Compound 3) are identified according to ASTM E4 standards (33,67). Figure 11 summarizes the tensile test results of the biocomposites. When the dimensions of the fibers are reduced to nano scale, owing to an increament in surface area/volume ratio, materials present better magnetic, optic, thermal, chemical, biological, and mechanical properties (68) . Moreover, a rise in Compound 3 percent of the composite, enhances the mechanical strength of the material which can be attributed the rigid anthraquinone structure (69) . In the light of morphological investigations, as can be understood from the FEGSEM images, the nanofibers are coated homogeniously with Compound 3 and no bead formation is observed which strenghtens the nanocomposites. Being consistent with morphological investigations, mechanical properties of the composites enhanced as Compound 3 content is increased. Several different PCL electrospun nanobiocomposites are present in the literature, however our mechanical results are one of the highest tensile strength among all (31, (70) (71) (72) . This result is due to high surface area and homogeneity of the fibers, as well as a rigid anthraquinone structure incorporation to the composite mats. 
CONCLUSIONS
